The effect of extracellular ATP on the intracellular free Ca2+ concentration ([Ca2+]1) and inositol phosphate production following stimulation with the muscarinic cholinergic agonist acetylcholine (ACh) was investigated in isolated rat parotid acinar cells. Stimulation of rat parotid acinar cells with ATP4-results in a rise in [Ca2+]1 that is due to influx of extracellular Ca2+ and mobilization of Ca2+ from intracellular stores. Stimulation with purinergic agonists revealed that both influx as well as Ca2+ release from intracellular stores was mediated through activation of P2z receptors. The Ca2+ mobilization from intracellular stores was due to production of Ins(1,4,5)P3 and was inhibited by U73122, an inhibitor of phospholipase C-coupled processes. According to the generally accepted model the rise in [Ca2+]i results in activation of Cl-channels in the luminal membrane and K+ channels in the basolateral membrane leading to fluid and electrolyte secretion [2, 3] . A physiological role for ATP in the formation of saliva is suggested by the rich innervation of the parotid gland with both sympathetic and parasympathetic nerve fibres from which ATP is released as a co-transmitter [4] . Previous reports on rat parotid acinar cells have shown that the fully ionized form of ATP (ATP4-) mediates an influx of extracellular Ca2+ through a non-selective cation channel, resulting in a large rise in [Ca2+]1 [5] [6] [7] . It 
INTRODUCTION
When acinar cells are stimulated with cholinergic agonists a rise in the intracellular free calcium concentration ([Ca2"],) occurs due to production of the second messenger Ins(1,4,5)P3 [1] .
According to the generally accepted model the rise in [Ca2+]i results in activation of Cl-channels in the luminal membrane and K+ channels in the basolateral membrane leading to fluid and electrolyte secretion [2, 3] . A physiological role for ATP in the formation of saliva is suggested by the rich innervation of the parotid gland with both sympathetic and parasympathetic nerve fibres from which ATP is released as a co-transmitter [4] . Previous reports on rat parotid acinar cells have shown that the fully ionized form of ATP (ATP4-) mediates an influx of extracellular Ca2+ through a non-selective cation channel, resulting in a large rise in [Ca2+]1 [5] [6] [7] .
It was recently shown that activation of P2z purinoceptors prevents the release of stored Ca2+ by autonomic agonists in rat submandibular gland acini [8] . In order to characterize in more detail the possible regulatory role of ATP4-in the stimulussecretion coupling in rat parotid acinar cells we investigated the effect of ATP4-on inositol phosphate metabolism and Ca21 mobilization from internal stores. Furthermore, we examined the possible interaction of the cellular signals activated following ATP4-stimulation with those activated by the muscarinic cholinergic agonist acetylcholine (ACh).
Under Ca2+-free conditions ATP4-caused a dose-dependent inhibition (IC50 = 8 ,uM) of the ACh-evoked Ca2+ release. The inhibitory effect of ATP4-is due to activation of the P2z purinoceptors, which results in a strong reduction in the AChinduced inositol phosphate production. Prestimulation with 100 ,uM ATP4-reduced the amount of Ins(l,4,5)P3 formed after maximal ACh stimulation by 91%. In conclusion, the inhibitory effect of ATP4-on the ACh-mediated response is due to interactions of the activated P2z receptor with the phospholipase C-coupled processes underlying the muscarinic cholinergic response.
EXPERIMENTAL Preparation of acini
All experiments were performed on parotid acini prepared from male Wistar rats weighing approximately 130 g as described previously [9] . Briefly, isolated acini were obtained by incubating parotid gland pieces for 45 min in RPMI 1640 medium with collagenase (75 units/ml) and hyaluronidase (145 units/ml). All media used during the preparation and experimental procedures were equilibrated with 95 % 02/5 % CO2 (at pH 7.3 and 37°C). After incubation acini were released by aspiration through polypropylene pipettes with orifices of 2.5 mm and 1.7 mm, and filtered through a 150-,um-mesh nylon cloth. Acini were sedimented by centrifugation for 1.5 min at 100 g (rav 9 cm) through 1 % BSA in RPMI 1640 medium.
Measurements of [Ca2+],
For fluorescence experiments acini were resuspended in RPMI 1640 medium and incubated for 30 min with 2 #tM of the Ca2+-sensitive indicator fura-2/AM. Changes in [Ca2+] in suspensions of acini were measured as described previously [9] . Briefly, after incubation acini were resuspended in a Krebs-Ringer bicarbonate (KRB) medium with the following composition (in mM): 142 Na+, 5 cells, although such an effect has been reported on mast cells [14] . In order to characterize the purinoceptor subtype located in rat parotid acinar cells the effects of several purine nucleotide analogues on [Ca2+]1 were examined ( In order to investigate whether this Ca2+ mobilization is mediated through a rise in the cellular Ins(I,4,5)P3 content, we measured the changes in the amounts of cellular inositol phosphates after stimulation with ATP4-. In these experiments addition of 100 1sM ATP4-to acini suspended in Ca2+-free KRB medium resulted in production of Ins (1, (Figures 2c-2e) . The increase in the contents of Ins(1,4)P2 and Ins(l,3,4,5)P4 were followed by a decrease towards the prestimulatory level, a pattern that was not observed for Ins(l,3,4)P3.
To determine if the ATP4--mediated increase in the inositol phosphate production is secondary to [ of rat parotid acini resuspended in Ca2+-free KRB medium caused a rapid rise in the cellular Ins(1,4,5)P3 content, which was followed by a decrease towards the prestimulatory level ( Figure  3b ). Table  3 ). Similarly, the formation of Ins(1,4)P2, Ins(1,3,4)P3 and Ins(1,3,4,5)P4 was strongly reduced following ACh stimulation of acini prestimulated with ATP4- (Table 3) .
In the following experiments we investigated if the reduced ACh-stimulated Ins(1,4,5)P3 production and Ca2+ mobilization in acini prestimulated with ATP4-was due to a reduction in the PLC activity. towards the prestimulatory level. The inhibitory effect of ATP4-on the inositol phosphate production was even more pronounced with respect to the formation of Ins(1,4)P2. In acini suspended in Ca2+-free KRB medium the rise in the amount of Ins(1,4)P2 after ACh stimulation followed a mono-exponential time course that did not reach a plateau within the measured time interval (cf. Figure 3c ). However, ATP4-stimulation terminated the Ins(1,4)P2 production and a decrease in the amount of Ins(1,4)P2 was observed (Figure 7c ). Furthermore, there was a markedly accelerated decrease in the amounts of Ins(1,3,4)P3 and Ins(1,3,4,5)P4 after addition of 100 ,#M ATP4-to ACh-stimulated acini (Figures 7d and 7e ). From these experiments it is therefore evident that the rapid down-regulation of [Ca2+] is the result of a decreased inositol phosphate production rather than the result of an enhanced ATP-mediated Ca2+ efflux.
DISCUSSION
The present study shows that stimulation of rat parotid acinar cells with ATP4-results in production of Ins (1, [19, 20] . Evidence suggests that ATP may also be an important neurotransmitter for the parotid gland, since the present and previous reports [6, 7] show that stimulation of rat parotid acinar cells with ATP4-results in large increases in [Ca2+]i due to activation of P2z purinoceptors.
In the present study we found that the immediate Ca2+ response following ATP4-stimulation of rat parotid acinar cells results from Ins(1,4,5)P3-mediated Ca2+ release from intracellular stores. That the production of inositol phosphates is not secondary to the rise in [Ca2+]1 was clearly demonstrated by the fact that ATP4-stimulation of BAPTA-loaded acinar cells resulted in a total inositol phosphate production similar to that observed in non-pretreated cells. Furthermore, we found that U73122, an inhibitor of PLC-coupled processes, strongly reduced the formation of inositol phosphates following stimulation with ATP4-. In a previous study using rat lacrimal acinar cells we found that U73 122 inhibited NaF-induced changes in [Ca2+]i, whereas Ca2+-induced inositol phosphate production was unaffected, indicating that the site of action of U73 122 is at the interaction between the receptor and the G-protein, at the level of the G-protein, or at the link between the G-protein and PLC [21] . Based on these findings it appears that the ATP4--mediated inositol phosphate production in Tat parotid acini involves an interaction with a G-protein which, however, needs to be identified. It was found that ATP4-mobilized Ca2l from intracellular stores but ACh, at maximal doses, was much more effective at mobilizing Ca2+ (ACh-induced rise in [Ca2+]1 was equal to 427 nM, while ATP4-released 90 nM). Also the production of Ins(1,4,5)P3 following ACh stimulation was much larger than that observed with ATP4-, indicating that there is a direct correlation between the generation of Ins (1,4,5 [8] . We have provided evidence that this modulatory effect of ATP4-is the result of a reduced PLC activity, since prestimulation of rat parotid acini with 100 ,M ATP4-for 30s strongly reduced the production of inositol phosphates formed after maximal ACh stimulation. In fact, the production of Ins(1,4,5)P3 was reduced by 91 % when compared with experiments where acini were not prestimulated with ATP4-. Furthermore, we found that the ATP4--mediated inhibition of the ACh response was not due to a limited availability of stored Ca2+ or substrate for the PLC reaction. This is evident from experiments in which we mimicked the ATP4-- The finding that activation and inhibition elicit different halfmaximal values could indicate that the signalling pathway activated by ATP4-is different from the mechanism by which ATP4-inhibits the ACh response. However, the difference between the EC50 value and the IC50 value is perhaps more likely to be due to the fact that they were obtained either by measurement of a Ca2+ rise in a Ca2+-containing medium evoked by production of Ins(1,4,5)P3 or inhibition of a Ca2+-rise in a Ca2+_ free medium, where there are a number of membrane-associated events involved in the process.
The time course of the ATP-induced reduction in [Ca2+]i in ACh-stimulated acinar cells has the same characteristics as a rapid receptor-mediated event, since it resembles that observed when the muscarinic cholinergic antagonist atropine is added to rat parotid acini during stimulation with ACh [9, 22] . Also, the rapid ATP4--mediated decline in Ins(1,4,5)P3 formation resembles that observed when atropine is added to rat parotid acini during stimulation with the muscarinic cholinergic agonist methacholine [23] . However, in a study using rat submandibular gland acini it was demonstrated that ATP had no effect on either the affinity of carbachol for the muscarinic receptors or the affinity of adrenaline for its receptors [8] . Therefore, it appears that the inhibitory effect of ATP4-is through its activation of P2z purinoceptors. This finding is also consistent with our observations that both ATP4-and BzATP showed an inhibitory effect on the ACh-induced rise in [Ca2+]i, whereas neither adenosine, AMP, ADP, UTP nor ATP complexed with Mg2+ had such an effect.
A physiological role for ATP in the formation of saliva is suggested by the rich innervation of the parotid gland with both sympathetic and parasympathetic nerve fibres from which ATP is released as a co-transmitter [4] . Furthermore, the release of neurotransmitters has been shown to be related to the frequency at which nerve stimulation takes place. In a study using isolated rat kidneys it was found that the vasoconstrictor responses elicited by periarterial nerve stimulation at low frequencies ( < 4 Hz) was primarily due to release of ATP, whereas at higher frequencies of stimulation the responses were primarily due to release of adrenaline [24] .
The physiological role of the inhibitory effect of ATP4-on the ACh-induced signalling pathway in rat parotid gland acini still remains to be clearly established, but modulation of both the amount of saliva produced, as well as its composition, is likely to be a result of such an inhibitory effect. ATP4--mediated inhibition of PLC-coupled processes not only reduces the production of inositol phosphates following ACh stimulation, but must also inhibit the formation of diacylglycerol. Therefore, sequential activation of P2z purinoceptors and muscarinic cholinergic receptors under physiological conditions should enable [Ca2+]1 to rise in rat parotid acini without increased protein kinase C activity. In previous studies using isolated rat parotid acinar cells it was found that ATP was a poor stimulus for amylase secretion when compared with the effect of the muscarinic agonist carbachol [5] , whereas ATP-stimulated K+ release was similar to that evoked by carbachol [25] . Furthermore, staurosporine, a protein kinase C inhibitor, strongly inhibited amylase release induced by carbachol [26] . Therefore, an elevated [Ca2+], does not by itself seem to be a sufficient stimulus for amylase secretion but should, in order to exert a full effect, also involve activation of protein kinase C. That the physiological role of ATP in rat parotid acini could indeed be to modulate the salivary composition is also supported by findings that changes in the flow rate, Cl-concentration and amylase release are related to the frequency of sympathetic nerve stimulation [27] .
In conclusion, the present study demonstrates 
